The present work deals with technological foresight in the defense sector, 
INTRODUCTION
The Brazilian Army, locally referred to as EB, is conducting a This research is justified by the need to seek in conjunction with a group of specialists, answers that cannot be obtained in a trivial manner since this is typically a case of future studies involving a public defense organization.
The research´s main limitation involved defining the most appropriate Foresight methodology for use. This issue arose given the fact that available data concerning technological Foresight in the defense segment, particularly amongst foreign armed forces, was scarce. Thus researches had to travel to other countries so as to conduct in loco studies and obtain the required information and define the most adequate methodology to prospect Brazil´s defense sector.
Both research activities and results are hereinafter presented.
THEORETICAL REFERENCE
According to Enric Bas (1999) , the prime objective of future studies is to identify possible future developments and evaluate how probable and desirable these alternative developments effectively are. Manermaa (1995) states that future studies may be categorized into three major types: hermeneutical, technical or emancipatory. Hermeneutical future studies include futurism, utopianism and scientific fiction, are primarily of qualitative nature and are not of relevant use for public or private organizations.
Nevertheless, thought leaders and futurologists such as Alvin Toffler (1980) , H.
G. Wells (1895 ), George Orwell (1983 ) and Isaac Asimov (2004 mostly resort to this kind of study.
Technical future studies comprise futurology, econometrics, demography, meteorology and astronomy and are based on the extrapolation of trends using mathematical models to prepare forecasts (Bas, 1999) .
Emancipatory future studies pose to determine possible futures and identify the probability of their occurrence (Godet, 1979) (Bas, 1999) .
Foresight, a type of emancipatory future study is defined by Gaston Berger (1967) as being "a means to envision the future, imagining the same as of deductions extracted from today". According to Michel Godet (1991) , Foresight is defined as "a panorama of possible futures, i.e., scenarios that are not unlikely, keeping in mind both past determinisms and the confrontation of player or stakeholder projects. Each Foresight scenario (coherent representation of hypothesis) may be subject to a numerical evaluation, i.e., a prediction". Ian Miles (2002) outlined general phases for the prospective analysis process, namely: pre-analysis; recruitment; generation; action and renovation.
Foresight follows a structured vision of the future, i.e., the future would be a result of human actions. Thus Foresight rules out the existence of a single deterministic future and accepts the exploration of alternative futures (Iñiguez, 1994) . Foresight accepts quantitative variables but also integrates qualitative parameters and sometimes others that are not quantifiable such as player/stakeholder projects and behavior, thus allowing for a holistic assessment of the future (Godet, 1977) . By seeking to perceive and define possible futures, Foresight mitigates deviations due to errors of forecasts given that it factors in uncertainties as to the future (Makridakis, 1993) . According to Bas (1999) , Foresight provides references concerning alternative futures by means of the construction of possible scenarios and for each scenario, the definition of probabilities and impacts.
The scenario methodology was first employed by the United States Air Force in Foresights the 1950´s (Masini, 1993) . By the end of 1960, scenarios were first employed by the private sector at General Electric (Millet & Honton, 1991) . At the end of the 70´s, the scenario method as a tool for Foresights was deemed consolidated once adopted by Shell International and included in this company´s strategic management routines (Becker & Van Doorn, 1987) . Godet (1994) : "the description of a potential future and progression (of events) towards the same". The scenarios method offers a cognitive map of the future, featuring a set of alternative futures, each respectively presenting an associated probability of occurrence (Mendell, 1985) . According to Godet (2008) Scenarios usually comprise a number of characteristics of the object subject to study, not only a single or a couple of parameters. These may arise from individual work, seminars or using tools such as computer modeling.
Scenario seminars usually involve groups of people who devote themselves to the preparation of alternative future scenarios. Groups of the kind most often focus on a specific issue whereby the resulting scenarios indicate: the perspective of specific field experts; the understanding of groups of people that have been carefully selected to represent a given community, organization or region.
Scenarios can be articulated and prepared in a variety of manners, amongst which: using a 2x2 matrix of key parameters; using archetypical scenarios such as "better than expected", "worse than expected" and "other than expected"; by selecting scenarios that are key-trend and driving force examples that have been identified via STEEPV or similar approaches, to mention but a handful. However, seminars can also be conducted, especially designed to prepare a desired scenario (Miles, 2005) . This kind of scenario requires the identification of specific objectives and actions for the same to be built (Jantsch, 1967; Boucher, 1977; Boucher 1985; Miles, 1981; Schoemaker and Van der Heijden, 1992 ; Van der Heijden, 1996; Ringland, 1998; Andersen and Jaeger, 1999; Roubelat, 2000; Krause, 2002; Berkhout and Hertin, 2002; Green et al., 2005) .
Likewise, there are several types of quantified scenarios. One version involves the quantification of parameters that refer to the scenario at hand. For instance, experts may estimate the probability of the occurrence of scenarios, impacts, deadlines and so forth.
Impacts of a given scenario over another may further be estimated, as
proposed by Duperrin e Godet (1975) in their SMIC method. Another version involves identifying alternative visions concerning the future (Godet, 2000) .
Morphological Analysis is a combined analytical method coined by Fritz
Zwick (1969), based on the decomposition of an issue or object of analysis into its attributes. Michel Godet is the leading author who resorts to morphological analysis to conduct prospective analysis (Godet, 2008) .
The general idea is to breakdown a system to be studied into its possible attributes which typically are the events that drive the system from the current state to a future one. Subsequently, for each event, the possible states that they may present in the future are identified, i.e., the possible futures.
In as much as the methodology proposed by Godet is concerned, these future states are quantified and a probability of occurrence is defined. It´s worth noting that, according to the theory of probabilities, the sum of probabilities of each possible future of a given same event must be equal to 100% (considering that all possible futures of a given event have been mapped). The combination of each event´s future state generates different paths or scenarios, as pictured in Chart 2, below (Zwicky, 1969; Ritchey, 1998) . 
RESEARCH TECHNIQUES AND METHODS
The research method employed primarily consisted of two phases: the theoretical phase comprising the definition of a technological Foresight method for the defense sector and an empirical phase whereby the chosen Foresight method was applied so as to obtain scenarios for Brazil´s defense sector. Research comprised a 20 year time frame so as to map defense sector scenarios for the year 2030. This empirical phase of the project included field work, consulting specialists primarily by means of surveys conducted over the web (internet). The survey was both qualitative and quantitative. The empirical phase occurred in two stages.
The first was a pilot survey employing a reduced sample of the universe to be researched. However, within the sample efforts sought to comprise all segments of the universe. The objective was to verify if the proposed methodology was consistent and conduct eventual adjustments.
During the second stage, once adjustments had been made, the survey was conducted comprising an ample and comprehensive universe with views to The authors deemed adequate to prepare questions concerning Operational Systems (OS) so as to guide the mapping of both systems and materials.
Operational Systems are defined in Campaign Handbook C 100-5 "Operations" as follows:
Combat, combat support and logistics elements interact with each other, integrating operational systems that allow the commander to coordinate the timely and synchronized use of resources within time, site and purpose. Operational systems are: command and control; intelligence; maneuvers; fire support; anti-aircraft defense; mobility, counter mobility and protection; and logistics. (Brasil, 1997) Thus, handbook C 100-5 defines seven operational systems. were of the open kind, i.e., the first phase was a qualitative survey.
Subsequently results were treated to remove ambiguities and then the frequency of words was analyzed using free, readily available on the internet software known as "Wordle" (http://www.wordle.net/), which graphically represents the most frequently used words highlighting the same in larger font sizes. This method was deemed extremely adequate since it enabled both rapid and easy analysis of the most mentioned systems and materials. For instance, OS Maneuvers presented the results pictured in Figure 6 below: Consider for instance theme 1: Development of Independent Technological Skills. To the respondent, the following text on the theme is presented: "The Defense Industry will seek the development of independent technological skills. This goal will condition partnerships with foreign countries and companies to the gradual development of research and production in Brazil" (Brasil, 2008) .
Subsequently the respondent is informed that, in as much as the theme Development of Independent Technological Skills is concerned, the scenarios hereunder described are envisioned: -occurrence is highly probable (P=83%); -occurrence is probable (P=66%); -the chance of occurrence is the same as that of non-occurrence (P=50%); -non-occurrence is probable (P=33%); -non-occurrence is highly probable (P=16%).
Each scenario´s probabilities are presented in Table 1 . Each scenario´s impacts are presented in Table 2 . Each scenario´s term for occurrence is presented in Table 3 . Accordingly, the scale of theme relevance ranges from 1 to 5 and results are presented in Table 4 . Table 2 values. The result was normalized according to a 0 to10 scale so as to facilitate comprehension, using the following standardization formula: R={[(P*I)*(-1)]+200}/40
Thus, risk varies from 0 (minimum risk, when L = 100 and I = +2) to 10 (maximum risk, when L = 100 and I = -2), as presented in Table 5 . These tables enable a variety of analysis. Analysts may be interested in the most probable scenarios, in scenarios of greatest negative impact, in those of greatest risk, shortest term and may even discard less relevant themes to simply the analytical process, amongst other options. For instance, if one analyses Theme 4´s three scenarios, it becomes evident that Scenario 3 simultaneously presents the highest values for both variables probability and risk. The same occurs with Theme 6´s Scenario 3. Consequently, the analyst may suggest a given action or specific strategy to deal with these possible futures.
In the case of Theme 6´s Scenario 3, this might be: "the Armed Forces prioritize human resource skill development in areas that are in alignment with National Defense programs and projects. However, scientific-technological interchange of military institution R&D´s with those of Brazil and abroad does not occur, thus hindering the country´s access to technologies of National Defense interest". Given the above, a possible strategy that might be suggested would include: "foster technological-scientific interchange of R&D military institutions with institutions of the kind in Brazil and overseas", which would lead to the following possible strategic actions:
-establish joint R&D agreements between military educational and research institutes and universities in Brazil and abroad; and -set-up national military R&D institution offices at universities and research centers, in Brazil and abroad, and vice-versa.
FINAL CONSIDERATIONS
This was the first time this kind of research work was conducted at the Brazilian Army. The task required stamina and was deemed far-reaching, lasting approximately 4 years, from 2008 to 2012, collecting the opinion of nearly 2.000 (two thousand) respondents from diverse areas of Brazil´s society.
The survey enabled the mapping of systems and materials of military use that the Brazilian Army will require by 2030. Technologies that ought to be researched so as to support the development of such systems and materials were also identified. Finally, scenarios for the year 2030´s national defense industry were prepared since it will be up to this industry to manufacture the required systems and materials. With these scenarios in hands, strategies and courses of action can be designed to foster Brazil´s Defense Industry Base.
